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ON THE NATGRE OF LIQUIDS. 127 
from the value of - dP at the melting-point, from the equation 
dt 
*(solid) 2 (liquid) = V + F  ~ dt d t  V ’  
where V is the heat of vaporization at the melting-point, and 
F the heat of fusion. 
With Fischer’s formula and constants . F= 6-29 calories 
With Fischer‘s results and Biot’s formula. F = 2 1.1 
With our results and Biot’s formula . . F=35*4 9, 
The number found by Fischer . . . . F=30.085 ,, 
The number found by Peterson and 
Widman . . . . . . . F=29*09 ,, 
From these numbers it is evident that, although our con- 
stants are-not perfectly correct, yet they agree better with 
experimental evidence than those of Fischer. 
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XXII. On the Nature of Lipid$, CM shown by a Study of the 
Thermal Properties of Stable and Disaociable Bodies. B y  
WILLIAM RAMSAY, PIi.lI.? and SYDNEY OUNG, D.Sc.* 
THE fundamental concept of C%emistry, as well as of 
Physics, is the molecular and atomic constitution of matter. 
This concept serves to represeut,to the chemist the defi- 
nite composition of compounds, and, to some degree, the 
nature of isomerism, while all attempts to realize and explain 
the progress of chemical change depend on its adoption. 
This concept also furnishes to the physicist the means of 
conceiving the relations of heat, liuht, magnetism and elec- 
tricity to matter ; and where the action of one of these agents 
involves not merely a change in the form, but also in the 
nature of the matter, the problem becomes of deep interest 
to both chemist and physicist. The action of heat on matter, 
from the physical side, involves an increased molecular 
motion, tending to separate individual molecules from each 
olher, on the one hand ; or, on the other, if this separation be 
opposed by confining walls, to increase the momentum and 
* Read December 11,18W. 
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number of impacts on those walls, and therefore to raise the 
pressure. Eut this increased molecular motion is accom- 
panied by greater internal vibration, which eventually leads, 
in almost all cases, to a simplification or rearrangement of the 
inolecules, involving chemical change. When increased 
molecular motion is imparted to gases at temperatures much 
above their points of coiidensation, and at moderate pressures, 
the probleni is a comparatively simple one j and has been 
solved with great success by Clausius, Maxwell, Thomson, 
and others, from the physical side, and from the chemical side 
by Pfaundler, Naumann, and Willard Gibbs. But near their 
condensing points, and also at  high pressures, Boyle’s and 
Gay-Lussac’s laws no longer hold, owing partly no doubt to 
the mutual attraction of the molecules, and also to the fact 
that the absolute size of the molecules is no longer insigni- 
ficant relatively to the spfice which they occupy. Both these 
causes of deviation may be relegRted to the class “ phpsicd,” 
innsniuch as the mutual attraction alluded to is not confined 
to any small number of molecules, but is exercised by each 
molecule on all its neighbours, and limited in absolute amount 
only by the relative masses of the attracting molecules 
and by their distances from each other. But it is ab0 con- 
ceivable that this attraction may be wholly or in part of a 
chemical nature, tending towards the formation of complex 
molecules, resulting from combination of two or more siniple 
molecules. Now as this deviation from the simple gaseous 
laws occurs both with what are commonly termed ‘ I  stable ” 
and with “ dissociable ”- substances, it  is of importance to 
enquire whether the abnormality of the vapour-density of 
stable substances is at  all due to chemical association of mole- 
cules ; and how much of the abnormality of dissociable sub- 
stances is to be ascribed to purely physical attracttion of the 
molecules for each other, due to mere propinquity. 
At any temperature below the critical one, when the volume 
of gas is decreased, pressure rises until n certain maximum is 
attained, when it becomes constant, and change of state 
occurs. It is conceivable, on the one hand, that the liquid 
condition is a purely physical one, and that a liquid consists 
of molecules s imilarh all respects to those of its gas, but, 
owing to their closer proximity, exhibiting that form of at- 
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traction which is known as cohesion. And on the other hand, 
it has been advanced by Nauniann and others that the gaseous 
molecules, in changing to liquid, form molecular groups of 
definite complexity, exercising cohesive attraction on each 
other ; and, according to this view, the problem is both a 
physical and a chemical ono. According to the first view, if 
heat be : iniprted to a liquid, work is done in expamion 
agai'nst pressure, and in owrcoming cohesion ; and, according 
to the second view, ndditioiial work is done in dissociating the 
complex inoleciiles into their siInpler constituents, and in 
iniparting increased velocity and internal motion to those 
constituent molecules (see " Evaporation and Dissociation," 
part i., T~*niis. Roy. Soc. ISSG, Par t  I.). 
When a substunce, such as chloral hydrate or aminoniuiu 
chloride, passes froin the solid or liquid into the gaseous state, 
the physical change is obviously accompanied by a cheniical 
one, for dissxiatioii into simpler molecules occurs. There is 
an obvious analogy between evaporation and such cases of 
dissociation ; and we have recently undertaken esperinien tal 
work to test whetlier this analogy is a real one. 
In part i. of this series of papers the phenomena attending 
the volatilization of sucli solids as dissociate wholly or partially 
on their passage froin the solid to the gaseous state have been 
studied. There are two ways of measuring the vapour- 
pressure of a stable substance, which hare been termed by 
Regnault the statical and the dynamical respectively. The 
first consists in measuring the pressure esercised by the 
rapour of the substancc kept a t  a uniform temperature ; and 
the second i n  measuring the highest temperature at,tainablc 
by the substance at  given pressures, when evaporation freely 
takes place. It bas been shown by Regnault, and by ntiiiie- 
YOUS other observers, that these methods give identical results 
with liquids: and by ourselves with solids (Trans. Roy. Soc. 
Par t  I. 18S4, p. 37j. But in the case of thc majority of the 
dissociable bodies esainiiicd, the results of tho two mcthcds 
\wre not id~iitical; indeed, in many cases in which dissnci.it' I.. 1011 
is conipletc, or nearly so, the tenipernture of volatilization is 
independent of presm-c. With nitrogen peroxide, acetic 
acid, and anlmonium cliloridc, hcwewr, the two mcthcds 
g a ~ e  idcn ticnl results. This method, therefox, cannot bo 
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regarded as a means of deciding the question of the analogy 
between evaporation and dissociation, unless, indeed, two 
kinds of chemical combination be conceived, one of which 
may be termed " niolecular combination " as distinguished 
from ' atomic combination." 
I n  parts ii. and iii. the thermal behaviour of stable liquids 
has been investigated, as exemplified by alcohol and ether. 
For a complete account o i  these researches reference must. be 
made to the original papers (Trans. Roy. Soc. 1886, Part I.*). 
W e  are here concerned chiefly with the densities of the 
satnrated vapours: and with the heats of vaporization. We 
found, with alcohol, that the density of the saturated vapour 
was normal a t  temperatures below 40' or 50", and remained 
normal down to a temperature of 13O, the lowest temperature 
at which observations could be made. With ether the vapour- 
density was approaching normality a t  13", and from the form 
of the curve would have doubtless become normal at  a lower 
temperature. In both cases, with increase of temperature 
and corresponding increase of pressure, the density of the 
saturated vapour increased towards the critical point with 
great rapidity, until a t  the critical point the weight of unit 
volume of the saturated vapour was equal to that of the 
liquid. 
At  the critical point the heat of vaporization of a stable 
liquid is theoretically zero ; below that temperature we found 
it to increase with alcohol and with ether as the temperature 
fell; with ether the increase was found to be continuous to the 
lowest obssrved temperature 13" ; whereas, with alcohol, it  
becomes practically constant below about 20". Our calculated 
numbers correspond well with direct measurements by various 
observers a t  the boiling-points under atmospheric pressure. 
With 
rise of temperature a t o m  1500 the density of the saturated 
vapour increased, as with other liquids ; but below that tem- 
perature (at which the vapour-density mas 5'0.06, the calcu- 
lated density being 30) the vapour-density, instead of con- 
tinuing to  fall, rose more and more rapidly with fa11 of 
temperature, until at  20" the vapbir-density was approxi- 
mately 59, and apparently, from the foim of the curvo, waa 
With acetic acid the results were very different. 
* The constanb for ether wql be publishe? shortly. 
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continuing to rise more and more rapidly, with fall of tem- 
perature (see figs. 2 & 3). It map be mentioned that direct 
observations by Bineau at 20" give nearly the same valne. 
Fig. 1. 
Vspour-denaity (H= 1 at to and p millim.). 
Alcohol. 
Fig. 2. 
The curve representing heats of vaporization of acetic acid 
at various krnperatures also differs entirely in form from those 
of alcohol and ether, for it exhibits a maximum at 110°, and 
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decreases both with rise,and with fa11 of teinperature. It is 
difficult to draw any conclusion from :t comparison of our 
measurements of this quantity a t  the boiling-point under at- 
mospheric pressure with those of other observers ; but i t  may 
be stated that our result differs far less from the obserratioii 
of Favre a i d  Silbermann than theirs does from that of 
Berthelot (see fig. 3). 
Fig. 3. 
It, appears to us that t,hese results nemtive the '( clieniical " 
explaiiation of the constitution of liquids, or, to confine our- 
selves to known cases, of the liquids alcohol and ether. The 
molecules of these liquids cannot? we think, be regarded as 
complex, consisting of gaseous nioleculcs in chemical combi- 
nation with each other, as, for esamplc, n(C2H,0), wlicrc n is 
any definite number. We bcliel-e, rather, that the phj-sical 
explanation of the nature of liqnids is the correct om, ;ind 
that the difference between liquids and gnscs lics merely in 
the relative proximity of their molecules. 
The chief argument for this view is that it is dificult to 
conceive that the rise of vapour-density of acetic acid, both 
at high and at  low temperatures, can be due to thc same 
cause, under conditions so radically different; for at high 
temperatures we hare conditions unf'avourable to clieniical 
combination, but owing to the necessarily high pressnre, tlie 
molecules are in close proximity j whereas, at  low tempera- 
tures, the conditions are fayourable to chemical combination; 
? 
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while tlie molecules, owing to the corresponding low pres- 
sures, are w r y  far apart. Now we have shown that, with 
alcohol and with ether, a rise of density does not accoinpaiiy 
fall of temperature ; indeed, the saturated vapour of alcohol, 
at low temperatures, obeys the laws of Boyle and Gay-Lussac; 
while the rise of vapour-density at  high temperatures is com- 
mon to all bodies. But with acetic acid, the lower the tem- 
perature the higher the density of its saturated vapour-a fact 
which indicates the formation of complex molecules ; at high 
temperatures, however, it forins no esception in behaviour to 
ordinary liquids. 
We have shown that with stable substances there is proof 
of the absence of complex molecules in their vapours ; but it 
might be asserted that in the passage from the gaseous to the 
liquid state, combination might occur. That this cannot be 
the case, is evident from a consideration of the behaviour of 
liquids near their critical point. For the specific volumes of 
liquid and gas just below the critical point are nearly-eqizal; 
and were the liquid to consist of congeries of gaseous mole- 
cules, there would necessarily be fewer molecules in unit 
volume of the liquid than in unit volume of the gns-an irn- 
probable conception. 
It is impossible to decide from our esperinients whether 
the higher limit of vapour-density of acetic acid is 60 ; and 
the difficulty of meastiring small pressures with sufficient 
accuracy renders an answer to this question apparently im- 
-possible ; but it is a reinarkable circumstance that our observa- 
tions, as well as those of Bineau, should so closely approximate 
to this limit. Although the curves representing the density 
of the saturated vapour in figs. 1 and 2 apparently point to a 
vapour-density greater than 60, yet a trend in the curve is 
not inipossible ; and it is conceivable that at  lower tempera- 
tures than those represented, the density might remain normal 
for C,H,O,. 
If there is a definite limit to the vaponr-density of acetic 
acid, then the following considerations will hold. It has been 
pointed out in our paper on acetic acid, that condensation 
took place before pressure ceased to rise ; and the same yhe- 
nomenon was observed with chloral ethyl-alcoholate, where 
dissociation is known to occur. Now with alcohol and with 
VOL. VIII. 731 
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ether absolutely no sign of this behaviour was observable ; 
condensation occurred the moment tho vapour-pressure was 
reached, but not till then. This behaviour corresponds to that 
of a mixture. If :in indifkrent gqs, to take an extreme 
instance, is compressed along with the vapour of U conden- 
sable liquid, pressnre continues to rise after condensation has 
commenced, until the gas, if possible, has heen dissolved, or 
has itself condensed. On the other hand, if a siiiall quantity 
of l iqdd of high boilin'g-point be present along with a large 
quaiility of liquid of low boiling-point, the liquid ef higher 
boiling-point separates out first, on reduction of volume, 
while pressure continues to rise, This was indeed noticed 
with an impure sample of ether; atid the absence of this 
bcliaviour affords proof of the honiowneity of a liquid. 
Supposing the vapou;. of acetic acid to bonsist of molecnles 
of two different degrees of colnplesity, it is probable t h i t  the 
more complex would be first condensed, and that pressure 
would rise until the less complex molecules had also con- 
densed. This was in fast observed. Rut below a certain 
teniperntnre the substance would consist nlmost wholly of 
inore cornplex nio!ecules, and the phenomenon would then be 
less visible. This is indeed the case with the isothernials at  
50° and a t  78O.4. At higher temperatures the phenomenon 
becomes evident. Tbat this behaviour is not tho effect of im- 
purity has been proved bF t.he fact that the vapour-pressures 
at  low temperatures, measured by the statical and by the 
dynamical methods, wore identical. 
Formu!ae representing the dependence of dissoci a t' ion on 
pressure and temperature have been proposed from therm+ 
dynamical considerations by Prof'. Willard Gibbs*. The 
forniula is for acetic acid 
9 
The numbers 2.073 and 4:146 are the densities referred to 
air of the molecules C9H402 and C4uI,0, respectively ; D is 
the observed density; and 3520 and 11.349 are constanb 
deduced from the detcrxninntions of Cahours and Bineau. 
This formula, of which the constants in its author's opinion 
* American Journal of Science end Arts, 1870, p. 277. 
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a n  claim only approximate correctness, is quite inadequate 
to represent actual facts at  high temperatures and high 
pressures where cohesion becomes marked. For examnlle, it 
gives a t  R tempcrnttire of 280' for the density of the saturated 
vapour 35-13 instead of the observed number ciBeG2. 
If our opinion be correct, aiid if the abnorinal density of 
snturuted 'r-;ipours and of vapours near their saturation-points 
aild also above their critical points, at high prcssures, of stable 
substances, be due  to mere inolecular proximity, and not to 
any forin of molecular Combination ; then a dissociating sub- 
stance must exhibit a vapour-density which may be partly 
due to this cause, With such a substance as ammonium 
chloride, which, we have shown, is almost coiiipietely disso- 
ciated at  280°, the products of dissociation (hydrogen chloride 
and atninonin) are under such conditions of temperature and 
pressure that they woulcl probably behave as perfect gxses j 
the relatively few xnolecules of ainmonium chloride which 
remain uudecomposed in the gaseous state are under such low 
pressure, that their density is probahly nonnnl for the formula 
NH4Cl; and in this case it is protralle that the chemical 
factor alone determines the vapour-densit,y. But with acetic 
acid the increase of density above 150' is evidontly wholly 
due to the physical cause ; while the abnormality is partly 
due to a physical, partly to a chemical, cause. It is, how- 
ever, impossible in this case to ascertain a t  what temperature 
the physical cause begins to operate. It, is evidently to be 
wished thiit, from a study of the behaviour of stable substances, 
some general law could' be discovered which would embrace 
all instances of physical abnorinality ; and many attempts 
have been made in this direction, but as yet with only partial 
success. Willard Gibbs, on the other hand, has attacked the 
problem from the chemical side ; and we have shown that his 
formula ceases to apply when the physical change becomes 
predoininan t. 
Messrs. E. and L. Natanson* have recent.1~ published a 
research on the vapour-densities of nitric peroxide (N204 OF 
NO,), which, taken in  conjuiiction with experiments of ours 
on the vapour-pressures of that body (Phil. Trans. 1886, 
Part I.), atfords a striking confirmation of the correctness of 
* Wiedr'mann's .4nm?'~n, 1836, p. 606. 
JI 2 
136 ON THE NATmE OF L I Q U l I ~ S .  
our views. They give an isolated observation at -32O.6; 
and isotheriiials a t  0’, 21°, 49O.7, 73O.7, 99O.8, 129O.5, and 
151O.4. The limit of pressure was 800 millim. Now the 
boiling-point of nitric peroxide is, from our measurements, 
21O.8 ; hence the densities of the saturated vapour are de- 
ducible froin only the first three of the Messrs. Natansons’ 
isothermals. We have plotted their results on curve-paper ; 
this has shown us the regularity and trustworthiness of their 
obsdrrntions ; and by continuing the curves in the direction 
in which they rnn until they intersect the straivht lines 
denoting vapour-pressures at the teniperatures at which their 
Irieasurenients were made (using for this purpose the vapour- 
pressures deterniined by us), the density of the saturated 
vapour is determined; with but small error. 
? 
The Natansons’ numbers are as follows :- 
’ Pressure. Deneity. 1 
millim. millim. 
591.60 385’4 
616.96 39.01 
55350 39-15 
639.17 39.64 
----- Temp. ---- 
0 - 12.6 
0.0 
Press&. Density. Temp. 
- 
millim. millim. 
37.96 35.84 
86.57 38.50 
172.48 40.71 
290.66 41.00 
115.4 - 62.54 29 
I 
At - 1 2 O . 6  the vapoar-pressure of nitric p e r o d e  is 125 min. 
The density of the saturated vapour must therefore be a little 
above 52.54. Now the theoretical density of N,O,is 46. It 
may be tphat the higher density is due to esperiinental error; 
but froin graphic representation of the Natnnsons’ results 
this appears iniprobable. If the measurement is correct, it 
mould imply that the chemical combination of molecules of 
NO, is not complete when the molecular complexity is repre- 
sented by the formula (NO,),, but inay estend to (NO,),, or 
even further. At Oo the vapour-pressure is 255 milliin.; again 
the density found by the N::tansons niust be nearly that of 
saturation. At  21° the vaponr-pressure is. about ‘700 millim. ; 
and n prolongation of the curve constructed from the above 
iiuinbers would cut the line representing the large alteration 
of voluine with no rise of vapour-pressure at a vapour-density 
of about 40. I t  is evident, then, that with nitric perexide, as 
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with acetic acid, the density of the saturated vapour rises with 
fall of pressure and temperature. Now it is known that nitric: 
peroxide dissociates, for the physical properties (colour, &c.) 
change, on change of (NO,)" into n(N0,) ; and the similarity 
of behaviour between nit'ric peroxide and acetic acid renders 
the dissociation of acetic acid from (C,H,O2). into n(C2H402) 
no longer conjectural. 
If it be granted that our thesis is proved, that the niolecules 
of stable liquids are not more complex than those of their 
gases, it follows that the difference between liquids and gases 
is one of degree, not of kind ; is quantitative, and not qunli- 
tat ive. 
University College, Bristol, 
November 18, 1886. 
XXIII. Note on a Method of Deternz.ining Copficients of Xiitzral 
THE determination in absolute measure of the coefficient of 
mutual induction of two electric circuits by the ordinary 
iiiethod founded on the throw of a ballistic galvanometer 
is a somewhat, complicated matter, necessarily occupying a 
good deal of time. But the process may be greatly simplified 
if we have available a condenser of which the capacity is 
accurately known. For instance, if P and s are two coils 
whose coefficient of mutual induction is required, let them 
first be joined up, as indicated in fig. 1--r in a primary 
Induction. B y  G. CAREY FOSTER, F.B.S.* 
Fig. 1. 
circuit containing a battery, B, and make-and-break keg, K ; 
and s in a secondary circuit of total resistance P including a 
ballistic galvanometer G. Then, on closing or opening the 
key K, a momentary deflection of the galvanometer will 
occur in consequence of its being traversed by a quantity 
* Read November 27,1886. 
